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ABSTRACT 

Spectral emlttance of solid speclmenß of Eä^Oo, Yb20o,  an^^ an<^ 
Nd203 has been obtained by comparison of sample emission with the emission 
of a standard black body cavity maintained at the seje sample true tem- 
perature.    'Rie spectral emlttance has been characterized in a wavelength 
range of O.^ - 5.0 micrometer and at sample temperatures from 1520    K up 
to 1070° K corresponding to surface radiation flux densities of 10 -  50 
W/cm .    HiiB flux density range is of practical interest for thermo- 
photovoltalc energy conversion applications.    Preliminary obaervations 
of spectral transmittance and reflectance are also reported. 
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JPBCTRAL fcHITTAÄCB OF 
NHODYKIUM,   SAMARIUM,   ERBIUM AND YTTKRBIUM OXIDE AT HIOH TEMPERATURE 

IlfTRODUCTION 

preÜÄlnary upectrai anaiysls of a group of rare earth oxide« eatab- 
llsbed the potential of these materlala as aelectlyely radiating thermal 
eource« for therBophotoroltaic energy conreralon^'^ and allowed a selection 
of the Host appropriate of these oxide emj.tter« for spectral aatchl.ig vlth 
the response characteristic of germanlua and silicon photovoltaic cells for 
optimal conversion efficiency.^ 

Spectral normal oalttance data for rare earth oxides over a broad 
spectral range and at tsaperatures up to lB00o K are generally unavailable. 
Recent work at these refractory teaperatures reported «nlttancee only In the 
visible region of the spectrum and not In sufficient detail to be fully 
useful for thermaphotovoltalc conversion analysis A'^    To provide additional 
basic spectral «Pittance data on this Interesting class of materials, a 
■ore detailed program vas planned covering the spectrum range of O.k^ \m to 
5.0 um over the te«perature regime of I5UO0 K to 1870° K.    The present 
study will consider the rare earth oxldeo of Erbium, Ytterbium,   Samarium 
and Neodym! um.     In addition, preliminary Indications of spectral transmit- 
tance and reflectance are reported. 

mscussioif 

S—pie Reparation 

With the concept In mlpd that the term "eBlsslvlty" Is reserved for 
pure (Idealized)  specimens,    the term "ealttance" baa been used here as 
characteristic of the particular samples prepared for this study.    The 
samples of ETJOQ,  YbgCo, SagOo and Nd^o were prepared fro« 99.9 percent 
pure oxide powder having a mean particle size <: ^ urn.    These were die 
formed In the shape of one-inch-diameter discs and pressed at pressures 
from 10,000 to 20,000 pal to obtain wafers of approximately equal apparent 
density of 4.3.    The thickness of the specimens was approximately 1 am 
with the exception of the specimens utilized in the tests described In 
Paragraph 2 (Cavity Method).    The materials and the preparation procedure 
were the same as those previously reported.   '3 

Samples were mounted in a refractory material holder and heated with 
an oxygen-propane torch to temperatures ranging frtn 1520° K up to IBJO    K, 
corresponding to surface radiation flux densities of 10-50 watts/cm^ which 
is the range of practical interest for thermophotovoltaic energy conversion 
applications. 



Flnse   ünl.Hiion 

^je use of oxygen-propane  flame«  to  theraaiiy excite the  rare earth 
oxide Bamplee  Impoaed an Inveatlgatlon of the flaue miaBlon  In the entire 
npectral  raciÄe of  intrreat.     For this  nurpoae the fr«e  flame wa«   Located at 
the aaae oorual speciaen poaition,   and itB aalsalon 8poctrophotonietrlc«lly 
Biapied lYco O.k pn to  >.0 >aB,   for the anne aclld angle aa  waa  uned to 
record the  rare earth oxide  apectra. 

For vavelengthu between O.k vm and l.i m,  the free flaae eolsalon did 
not  exceed values greater than 1. ^ X 10" ^ of the correspoüdlng spectral 
emission of th^ solid apeclJiena av the lowest investigated teBperature. 
Pyrottetrlc meaaureuente Indicated apparent flane brightness tenperatures 
around 1050    K.     This temperature correspond« to the aaount of radiant 
energy aa seen by the pyrometer at  A - 0.66 }m (pyrometric working wave- 
length) which Is about 1.5 X 10"^ times the corresponding radiant energy 
sampled,  by the same inatruraent,   fron the rare earth oxide specimens.    This 
Is in agreement with the omission ratio apectrophotometrlcaljy recorded. 

Between 1.3 and 2.4 )jm the flame shows two broad emission band».    The 
first,  which is centered around 1.5 >«,  in the same wavelength region where 
the Er^Oo has its strong emission peak, does not exceed 6 X 10"3 times the 
corresponding iär^C.  enlsslon.    de second,  around 1.9 MB, reaches values as 
high as 1.5 X 10~2 times the corresponding spectral «mission of the ETpO^ 
which has the lowest emission,   in this wavelength region,  of the four rafe 
earth oxides tested. 

Beyond 2.k im    the emlssloQ spectrum of the oxy-propane fixate shows 
two other bands reaching absolute (black body referenced) emission values 
more competitive with the corresponding emission of Yb^O^ and ErpCU which, 
of the oxides tested, gave the lowest emission In this infrared region. 
The band ranging from 2.4 >jm to 3.0 ;um reaches, at 2.85 )Jaa,  a relative 
value as high as 10     of the corresponding Yb^o emisaion.    From 3 >im to 
4.15 >ia the flame emission does not exceed 2 X 10"^ times the corresponding 
rare earth oxides values, but at 4.2 >jm a second broad band appears 
extending out to 4.^ ,uni with values as high aa "jOfi the corresponding 
samples emission. 

From these observations,  the following conclusions were drawn: 
(1) Flame emission up to 2,4 jam is not significant enough to invalidate the 
method of emittance measurements.     (2) With the flame source positioned 
behind the heated sample there Is no enhancement of the specimen emission 
due to the flame emlsaion, provided the samples are not transparent beyond 
2.4 ^un.     (3)    When an additional flame source la used In front of the 
sample,  only emission data beyond 2.4 pa require minor correctlor; to account 
for the flame bands at 2.Ö5 and 4.3 jam. 

^Sample Transmlttance 

To properly evaluate the sample emittance in spectral regions where 
the flame source has emission bands, It is necessary to demonstrate that 
the specimens are not significantly transparent.    For this ourpose the 







«■Ittance values of our «peclBODa at the warelength of 0.66 um in a temper- 
ature interval fron 1^70° K to 1870° K. Two alternative aetbods were 
selected for the evaluation of the oalttance at X * 0.66 pa. Both are 
based on ■easureaents of true temperature and brightness teaperature of 
the saaples. 

In connection with the use of an optical pyroaeter for the surface 
brightness temperature aeasureaent, the first aethod utilizes the output 
of a themocouple iaplanted into the speciaen for the evaluation of its 
true teaperature. The second aethod is based on direct optical pyroaetric 
readings of both surface brightness teaperature and true saaple teaperature. 
The true ssople teaperature was obtained by saapling the radiation froa 
saall cylindrical cavities, drilled into the speciaens, which acted as 
black body radiator cavities. 

for a better understanding of the correlation between pyrcsietrlc 
aeasurenents and the specxrophotaaetric procedure devised, it is useful to 
-review scae of the basic concepts of optical pyrooetry.' If the radiating 
sanples to be investigated are opaque solids, their radiation can be 
described by the following modified form of Planck's radiation equation for 
the spectral distribution of radiant energy as a function of the teaperature; 

dE = e(X)A j( X,T)dX = * ( XJAc, 

x5 
e XT 

dX 

(1) 

where:  dE = emitted radiant energy per unit time (watts) for a 
differential wavelength interval <3X 

WX)= spectral eaittance 

A a area froa which emission take« place (square ca) 

J (XT)" energy emitted per unit time per unit area per unit wave- 
length interval uniformly over a solid angle of 2tt 
steradiants 

X = wavelength (microns) 

o 
T = absolute temperature ( K) 

c, . 3-7^13 x 10^  watts/cm -.01 pm 

Ji     o 
c^ = 1.^368 x 10  pm  K 



Although J ( X , T ) describes black body radiation only, (( X) Is 
so defined that  € ( X ) J ( X , T ) describes the radiation from a real 
body. Under the same geoaetric conditions, and at the same vavelength X » 
the ratio of real body radiation to black body radiation, vhen both sources 
are at the same absolute temperature, is called spectral emlttance; 

«(X) 
J ( X , T) from real body 
J ( X , T) from black body 

(2) 

Consider a real body at a true temperature T (Pig. 3)* Its spectral 
distribution of radiant energy vill be, at any wavelength, less than the 
correipondlng radiation from a black body radiator at the same true 
temperature T. 

lack Bodv at tenperdturp T 

A. 

.V   A   V  [   I   I   N   r,   I   H    i   ^ in 1 

Fig. 3 - Comparison of the Radiation from Real Body and Black Body 

At any particular wavelength X0 , however, there is a black body temperature 
T. , less than T, such that the real body radiation in a differential wave- 
length interval around X« is equal to the black body radiation at tempera- 
ture Th)  in the same spectral interval. Ihe tenperature T^ is then called 
the monochrcmatic brightness temperature of the real body at wavelength X0 . 



For any real body at true tenperature T, the brightness temperature 1^ nay 
vary with vareleogth In accordance with variation In emlttance with wave- 
length. Wb«n uslug brlgntnesa temperature It Is necessary to specify the 
wavelength with which the brightness tenperature Is associated. To estimate 
the tempersture of a real body one can measure J ( X , T) relative to some 
standard spectral radiance, and then define a temperature scale based on 
the ratio of two spectral radiances, one of which Is selected as a standard. 
A brightness temperature pyrometer is a device that translates the measure- 
ment of J ( X , T) Into a brightness temperature scale. Saapling the energy 
radiated by the real body described In Fig. 3, the temperature It will 
indicate is T^, because it cannot distinguish between the real body whose 
tenperature is T and a black body whose temperature Is T^, when operated at 
wavelength X0 with an effectively narrow band-pass filter. 

The radiated energy measured is 

«(X) J ( x, T) - j (x, v 

or 

«(X) 
J( X, Tb ) 

J ( X, T ) 

Substituting Equation (1) in Eqoatlon (3) we obtain: 

(3) 

(X) = 

XTb 

T    -   I 

"-2 

XT 

CO 
i -1 

Planck's equation may be replaced by Wien's law as a suitable good 
approximation.    We have then: 

(X) = 
t, 

-5 
X e 

XT 

Ci 

c 
-5 

X e XT, 



or 

(M =    e 
X    (   T      '      Tb ) 

and finally 

_1_ 
T 

In c (M (5) 

vhich Is the veil known cxpreasion relating the enlsalvlty to true and 
brlghtnesa taaperaturee of a real radiator.    This expression vas used In 
this analysis to caepute the rare earth oxide specimen eolttance, at 

X a 0.66 pa, frcsa meaaureaents of true and brightness temperatures. 

1.    Theraocouple Method 

As previously mentioned, the first method for obtaining emittance 
data at   X « 0.66 >im was based on optical pyrcnetrlc measurement of surface 
brightness temperature, and on the use of a thermocouple Implanted Into the 
specimen for its true temperature evaluation.    Specimens of 1" in diameter 
were formed around platinum/platinum-10^ rhodium thermocouple Junctions by 
dry pressing rare earth oxide powder In a cylindrical die with a fitted 
plunger.    The plunger was provided with two parallel grooves along its 
length.    These two grooves allowed the 0.25 HB diameter thermocouple leads 
to extend out of the die when the plunger was inserted.   The location of 
the thetmocouple Junction inside the specimen is shown In Pig. k. 

PM0%Rh 

Flg. h -  Location of the Thermocouple Junction Inside the Specimen 





Oxygen   'ropane Torch Oxygen-Propane Torch 

Pr-Rh IRh 

Fig.  6 - Tro-Torch Apparatus used for Maintaining the Same Brightness 
Temperature on Both Sides of the Specimen 

The two flames were adjusted In order to uniformly heat, on each side,  a 
surface sample are&. of about 13 am in diameter centered around the 
platinum/platinum-10^ rhodium Junction position.    The thermocouple output 
was recorded only under conditions of equal brightness temperature on 
both surfaces.    In this condition, due to the relevant ratio of uniformly 
heated surface area to sample thickness, a uniform temperature distribution 
from one side to the other in the central part of the pellet could be 
assumed.    Iberefore, the thermocouple output was taken as Indicative of 
the true temperature of the specimen.    The thermocouple leads were extended, 
with compensating lead wires, to a reference Junction at 0° C, and the 
output recorded using a strip chart recorder. 

The two implicit sources of error vhich can effect this determination 
of the true sample temperature cure:    (1) A change in the thermocouple 
Junction performance due to the chemical Interaction between the thexmo- 
couple Junction and the sample materials at the high test temperatures 
encountered, and (2) A thermocouple output reduction due to the electrical 
conductivity of the specimen.    To obtain an indication of a possible effect 
of chemical reactivity,  seme of the thermocouples used were carefully 
calibrated in a Leeds & Northrup furnace prior    to their being assembled 
into the specimens.     They were then utilized in emittance tests at temper- 
atures ranging between 1^50° K and 1070° K.    Post experiment check of the 
thermocouple calibration, after their recovery from the samples, showed 
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agreement with the pretest calibration within 1 degree, attesting that no 
penaanent changes in the Junction performance of the thermocouple were 
experienced. 

To obtain an indication of the effect of saaple conductivity on 
the thermocouple output,  some ErgOo pellets were fabricated with two 
Isolated platinum wire electrodes, 0.3 am in diameter.    The two electrodes 
were positioned, parallel and 2 ram apart,  in the middle plane of the 
pellet, as shown in Pig. 7. 

Fig. 7 " Location of the Two Parallel Platinum Electrodes Inside the 
Specimen 

^hese specimens were heated, by oxygen-propane flame, to brightness 
temperatures of up to 2000° K.    Increasing dc voltages,  fror. 0.5 up to 
92 volts, were applied to the platinum electrodes, and current-voltage 
characteristics obtained (see Appendix A). 

From the values measured,  electrical resistivities in the order 
of 10^ ohm-meters were calculated at sample temperatures ranging between 
I65O0 K and 2000    K.    This range exceeds the maxlmua working temperature 
pyrametrically measured in the central area of the specimens where the 
thermocouple Junction was located.    Therefore,  for the circumferential 
area of the samples, where the brightness temperatures detected are a few 
hundred    degrees centigrade   lower, and where a possible shunting of the 
thermocouple output can be taken in consideration, electrical resistivities 
of the order of 103-10    ohm-meters could be estimated.    Biese resistivity 
values, as ccorpared with the 10"° ohm-meters platinum electrical resistiv- 
ity,  show that possible reduction of the thermocouple output could not be 
detected by the instrumentation used and,  therefore, was assumed negli- 
gible.    The true temperature obtained was applied in Equation  (5) to 
calculate values of  e ,  at  X = 0.66 jam,  for the sample specimens. 

Since the direct emission of the oxy-propane flame at the pyro- 
metric wavelength (0.66 ^an) was  found to be less  than 10"3    of the 
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corresponding emisalon of the solid sample, errors In brightness tflapera* 
tuT'i due to this effect vere found not to exceed 1-2° C. Therefore, no 
substantial corrections to the observed values of T^ vere required for use 
in Equation (5)« 

2. Cavity Method 

The second method used to obtain eaittance values at X - 0.66 >ai 
was based on two pyrcnetric measurements obtained, respectively, from a 
flat surface element of the sample and from a small cavity, drilled into 
the saaple, vhich behaves like a black body emitter. Therefore, the energy 
radiating from the cavity is indicative of the true tenperature of the 
specimen. Figure 8 shows the section of two specimens, YboOo and iäVjOo, 
respectively, in which cylindrleally shaped cavities were formed. 

Fig. 8 - Section of YbgO. and STpOo Specimens Showing 
Cylindrical Cavities 

the Location of 

In this series of measurements the sample thickness ranged from 
2.2 to 4.3 mm and the cavity diameter (2R) varied from 0.57 to 0.78 mm. 
Cavity depths (d) were fron '..5 to 2.6 na (Fig. 9). 
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where s is the cavity aperture section, S is the cavity total surface and 
K is a number, positive or negative, but always close to one, expressed 
by the following relation: 

K -   l - c 1 Ml (8) 

S0 being the surface of the sphere having the diameter equal to the 
cavity depth (See Figure <?)•    Using Equations (7) and (8), the emlssivity, 
at X = 0.66 um,of the cavities for specimens of different rare earth oxide 
composition was evaluated.    The <m value assumed for the four materials 
tested was the »ittance value previously obtained, at the pyranetrlc 
wavelength, using the themocouple method.    The values of carlty emlssivity 
obtained in thla way were found to vary between O.97 - O.98, for the Er20^' 
and ranged down to 0.90 in the case of the Ybjtfo which displayed the lowest 
value, at X» 0.66 )m, of the materials tested.    This deviation from unity 
imposed a correction on the pyrometric measurements of the cavity tempera- 
ture.    Such a correction has been ievaluated and four I in the order of k-5 C 
for    the E^Oo and 13-14° C for the Irt^Oo.    The corrected true tearperatures 

of the samples, together with their brightness temperatures, allowed the 
use of Equation (5) to calculate the emittance at    X = 0.66 >mi.    The values 
obtained show good agreement with those previously evaluated by the thermo- 
couple method.    They are plotted, as a function of sample true temperature, 
in Fig. 10. 

3.    Spectral Bnlttarue 

The emittance of a real body has been previously defined as the 
ratio of real body radiation to black body radiation at the same true 
temperature.    A knowledge of the emittance value at  Xs 0.66 pi allows, 
by the use of an optical pyrometer, tue setting of a rare earth oxide 
specimen and of a standard black body cavity to the same true temperature. 
Under these conditions, if the two emitting sources are seen by the 
entrance slit of a spectrophotometer with the same solid angle and path 
length,  and if the moaochromator spectral resolution corresponds to the 
band width of the pyrometer filter, then the ratio of the radiating 
energies,  spectrcmetrically sampled from the rare earth oxide specimen 
and the black body cavity, will correspond to the emittance value 
previously determined,  at    X = 0.66 van,  for the specimen material.    Diis 
correlation procedure has been applied in this study to obtain the experi- 
mental determination of rare earth oxide spectral emittance. 

Direct  comparison of the sample and black body reference spectra 
at the entrance slit ol a prism raonochromator was accomplished by the time 
resolution of the combined beams using a 2 mirror beam-splitter chopper. 
A Bchematic design of the experimental layout is shown in Fig. 11,  and the 
actual instrumentation used is illustrated in Fig.  12.     Jhe rare earth 
oxide specimens were mounted in a refractory material holder located, on 
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Fig. 11 - Schematic of the Instrumentation Assembly Utilized for the 
Qnittance Spectra 
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an adjustable Interchangeable base,  in front of the left entrance of the 
beam-splitter chopper.    Ibe sample discs were heated by only one oxygen- 
propane floae impinging and transferring heat to the sample on the back 
side.    Radiation from the front side enters the beam-splitter chopper 
and then is focussed on the monochrcmator en ranee slit.    A water-cooled 
aperture stop,  experimentally similar to the one constituting the exit 
of the black body cavity (6 nn in diameter),  is positioned in front of 
the sample holder.    The black body was located in front of the right 
entrance port of the chopper and also positioned on a similar mounting 
base.    In this way the black body can be periodically interchanged with 
the sample to check the equality of the optical beam energy in the two 
paths.    Both black body and sample aperture stops are positioned equidis- 
tantly from the monochromator entrance alit, which views the two emitting 
sources under the same solid angle.    The monochromator used was from a 
Perkin Elmer Model 13U Spectrophotcmeter, equipped with a CaF2 prism and 
with a CaFj window thermocouple detector.    Two spherical mirrors, arranged 
to minimize off-axis aberrations, were used to bring the combined aource 
beams to a focus at the entrance slit.    The output of the thermocouple is 
amplified by a commercial lock-in-ratlometer which allows the simultaneous 
recording of the emission spectra of both radiating sources and their 
direct ratio over a 100:1 dynamic range. 

An emittance spectral run was made by first setting both radi- 
ating sources to the same true temperature and then checking the output 
of the ratiometer for the value of emittance at   X  = 0.66 pm known from 
the previously described determinations.    Spectral scanning was then 
conducted over the range 0.^5 to 5-0 >im.    For the selection of the mono- 
chromator resolution appropriate to match the spectral band width of the 
pyrometer filter, a careful evaluation of the filter characteristics had 
to be made.    In case of materials, such as ErgOo»  which exhibit emission 
peaks centered around   X = 0.66 >mi, the dissimiiarity between spectrometer 
band-paso and pyrometer filter characteristics could result In critical 
errors in the emittance spectra recording.    It is apparent that the 
procedures described depend on a correlation between photometric 
(luminance) and physical  (radiance) systems of radiation measurement. 
The selection of the correct "effective wavelength"   ( X,, ) is of funda- 
mental importance in relating the two systems of measurement,  and becomes 
critical for materials whose spectra are not flat,  radically deviating 
from a Plankian distribution,  in the immediate vicinity of the pyrometer 
wavelength. 

The effective wavelength of a monochromatic filter for a definite 
temperature interval is defined'' as the wavelength for which the relative 
brightness, as calculated from Wien's equation for this temperature inter- 
val,  is the same as the ratio of the integral luminosities for these two 
temperatures,  as measured through the monochromatic filter.    Expressed  in 
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the form of an equation, the following is the definition of the 
effective wavelength: 

/•CO 

j J(X.I;)   tr KX <iX 
r oo 

/    J(XJZ)     tr K      d X 
X 

J (X,T, 

J(X.TZ) 
(9) 

where J ( X, T) is the apectral distribution of the black body (Wien's 
equation);   tr   is the spectral transmission of the monochrcmatic filter; 
Kj^ is the relative luminosity factor of the eye, and Xe is the effective 
wavelength.    Thus, In practice, the effective wavelength is the weighted 
central value of the resulting band-pass characteristic obtained by 
applying the ccDblned filter-eye characteristic to a particular radiant 
energy distribution.    The effective wavelength presents a continuous shift 
towards the short wavelengths as the temperature Increases,  due to the 
related change in the radiant energy distribution. 

Prior to recording the emittance spectra of EToOo^ which shows 
an emission peak ranging from 0.6k )m vcp to O.665 pm, it was necessary to 
accurately evaluate the mouochronator resolution at    X = 0.66 >jm, and 
properly set the spectrometer drum, to correlate, at any working temper- 
ature, the corresponding effective wavelength of the pyrometer filter. 
YbjjCb and SmgOo show no emission Irregularities in the region of the 
effective wavelength, minimizing the above mentioned problem. 

The resulting effective wavelength values, in the range of tem- 
peratures experimented in this analysis, are reported in Appendix B, 
together with the spectral characteristics utilized for the evaluation 
of the pyrometric band-pass filter width. 

"Die major source of error which could affect the spectral emit- 
tance recording Is connected with the accuracy of the starting emittance 
value at the pyrometric working wavelength.    The previously mentioned 
sources of error which can affect the emittance evaluation at   X = 0.66 }m 
will cause,  if not corrected,  a lower estimation of the specimen true 
temperature in both themocouple and cavity methods.    This will cause, as 
a consequence, a lower setting of the temperature of the black body 
reference source and, therefore,   a ccmparison   with an incorrect black 
body spectral energy distribution.    Fortunately, due to the shift toward 
the short wavelength of the black body radiant energy distribution with 
Increasing temperature, the spectral energy vartation, as a function of 
the temperature,  is lower in the infrared than in the visible part of the 
spectrum.    An error of 20° C in the evaluation of the true temperature 
of the specimen could cause a 5-6^ higher value in the evaluation of the 
emittance at    X = 0.66 ym, but only 3^ in the emittance value at 1.1 ym 
and less than 2% beyond 1.6 ym region. 
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ühe accuracy of the brightness temperature measurements is 
related to the reiiability of the optical pyrometer used.    The calibration 
of this instrument was constantly controlled against the black body cali- 
bration curve,  and the entire set of temperatures utilized for this anal- 
ysis can then be considered self consistent,  therefore,  not effecting the 
validity of the emittance spectra obtained. 

Figures 13 thru 20 show the spectral emittance curves vhich are 
characteristic of the samples of the k rare earth oxides investigated. 
For reasons of clarity, the emittance curves shown are given for only a 
few temperatures.    At intermediate temperatures, a linear interpolation 
can be employed. 

The emittance at the strong, broad peak shown for Er^-s at I.5U 
}m (Fig. 13) rises rapidly, with temperature, to values around 0.?!?, but 
does not intensify significantly at higher excitation levels as other 
parts of the spectrum,    ühls behavior agrees with and explains the 
results of a previous germanium cell - rare earth oxide system evaluation^ 
which showed,  for the E^Oo emission, a spectral utilisation exhibiting a 
slightly negative slope with increasing total radiant power density. 

The high average value of the spectral emittance of S^CU 
(Figures 15 & 16) and NdgOo (Figures 17 & 10) explains the high levels of 
total radiant power density easily achieved with specimens of these two 
materials, as radiant emitters,  in previous studies.3    Similarly, the 
Impossibility of previously achieving radiant surface density levels 
higher than 18 watts/an2 with specimens of YbgOo is also understandable 
by observing (Figures 19 & 20) that at O.95 >mi, vhe^e Yb203 shows its 
strong peak, the spectral energy amount is relatively small and beyond 
1 ^na the emittance of this material is particularly low. 

Transmission spectra10'"^of the rare earth oxides dissolved in 
glasses show atomic absorption bands characteristic of the trivalent 
anions.    Biese correspond to the emittance spectra found in the present 
study with the exception of a 1.09 pm band which is observed in NcUjO^ 
emission but missing in absorption spectra.    As expected, these emission 
spectra show considerable broadening due to the thermal mechanism of 
sample excitation. 

Sample Absorptance and Reflectance 

From the geometry of the specimen and the refractory properties of 
the sample holder,  which is also heated by the oxygen-propane flame in 
the vicinity of the pellet circumference,  the transverse energy losses 
occurring in the mounting arrangement were minimized.    Consequently,  the 
central portion of the specimen,  in a zone of 3 mm radius from the 
optical  axis corresponding to the sampling area when viewed thru the 
water cooled aperture stop, could be assxoned to be in a condition of 
thermal equilibrium with its inmediate surrounding.    Bius,  in the 
sampling area, we may consider that energy is being emitted at the same 
rate as it is being absorbed.    The emissivlty,  reflectivity and 
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absorptivity properties of the specimen can then be related using 
Kirchoff's law.    It states: 

e    »   a (10) 

a   +   p    +    T    =    i (11) 

vith 

« s emitt*nce 

a = absorptance 

p * reflectance 

r a transmittance 

Fran the results of the testi. described above, we can assume the 
transmittance as negligible for radiant energy normal to the sample 
surface.    With the assumption of sample opacity, the spectral emlttance 
is equivalent to spectral absorptance and, from Equation (12), 

p     =     i  -   t (12) 

spectral reflectance of the samples car be directly obtained. 

CONCLUSIONS 

Accurate determination of the spectral emittance of a solid sample 
can be made by direct comparison of its emission with that of a black 
body radiator provided both emitters are at the same true temperature. 
.Tn this study, specimen true temperature was obtained by means of ')oth 
the embeddeU thermocouple and the cavity methods and was related to the 
temperature determined by optical pyrometry- By evaluating the pyrometer 
effective wavelength and pyrometer filter band width, we found good 
correlation between pyrometrlc and photometric methods at a singular 
wavelength which permitted direct recording of spectral emittance using 
a scanning monochromator. 

Bie absolute spectral emittances of the oxides of Erbium, Ytterbium, 
Samarium and Neodymium exhibited considerable spectral structure in the 
visible and near infrared which, in virtually all cases, showed direct 
correspondence with trivalent absorption spectra. Neither NdgOo nor 
Sn^Oo exhibit sufficient "spectral selectivity" to warrant further 
consideration as radiant sources for optimizing the thermophotovoltaic 
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energy conversion scheme.    NcLjOo, because of its high deliquescence, 
would also prove to be an impractical material, to use in a radiant energy 
conversion power source.     EävjCh  is well suited for spectral matching to 
germanium photovoltaic cells and has a relatively low emittance in the 
infrared beyond 1.7 um-     It  is of interest to note that ErjOo emittance 
in the visible and near imi-ared can be matched effectively to silicon 
photovoltaic cells if used with suitable filtration at 1.2 )m.    YboOn 
emittance can provide a useful match with silicon cells with good spectral 
selection provided by "*"he low emittance beyond 1.2 urn.    The spectral 
emittance characteristics obtained will be utilized for a complete analysis 
of the entire system,  consisting of a rare earth oxide source emitter and 
germanium or silicon cell converter.    For this analysis,  reflectance data 
will be also needed.    Experimental studies are in progress to characterize 
the spectral reflectance of these materials from the direct analysis of 
the radiation scattered from the sample surface. 
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APPENDIX A 

Evaluation of Saaple Reslatlvlty 

Sane of the current-voltage cbaracterlstlca obtained during the 
ezperlaent described In the paragraph on Thexmocouple Method are reported 
In Figure 21. The sanples used were fabricated with BroO, ponder and had 
an apparent density around k.Q.    Ths two loplanted platinu» vires were 
0.3 na In diameter and arranged to give a parallel section 6 n long and 
2 OB apart (See Figure 7). Voltages, increasing frca 1.5 volts to 92 
volts, were applied to the electrodes and the resulting current plotted, 
as shown in Figure 21. The linear relationship Indicates the otaMic 
behavior of SroO? over the range of temperature and electric field 
studied. At 2060° K and 92 volts, a sharp Increase In current was noted 
resulting froa the fomatlon of a liquid phase In the Intereleetrode 
zone. This effect was not Investigated further to deteraine what caused 
melting to occur. 

The approximate resistivity values obtained from these experimental 
data correspond to 200 ohm-meters at sample teanserature of I65O K, and 
33 ohm-meters at sample temperature around 2000 K. 
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APPENHIX B 

Dgtermlnation of Pynaarter Effective Wavelength 

In Figure 22 the relative eye lumii^osity factor and the optical 
tr&aamittance of the Coming #2403 red glass filter, utilized for the 
computation of the pyrometric filter band-pass characteristic, are 
reported.    Tbe resulting band-pass characteristic, plotted in tens of 
relative tranamittance, is given in Fig. 23.    Figure 2k shows the 
corresponding effective wavelength for any tenperature interval in the 
range 1300 - 3000   K. 
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Fig. 22 - Relative Eye Luminosity Factor and Optical Transmittance ol   the 
Coming #2lf03 Red Glass Filter 
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Fig. 23 - PyroBÄter Filter Band-Pass Characteristic 
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